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1. Introduction
This contribution shares further views on LP-WUS receiver architectures based on previous agreements in RAN4, RAN1 and RAN Plenary [1~4]. 
A draft TP to capture RAN4 outcome is also prepared in [5].
2. Low-power WUR architectures
2.1. Noise figure for LP-WUR
LR: LP-WUS receiver; MR: Main Receiver.
RAN4#108 agreed that RAN4 will further discuss the NF based on outcome of SNR and coverage in RAN1. As concluded in RAN1 TR 38.869 for evaluation, also summarized as following:
· For OOK-based WUR: 1. RF envelope detection, NF 12~22 dB; 2. Heterodyne architecture with IF envelope detection, NF 9~15 dB; 3. Homodyne/zero-IF architecture with baseband envelope detection, NF 10-16 dB;
· For OFDMA-based WUR: 1. Time-domain correlation, NF 7-25dB; 2. Frequency-domain correlation , NF 7-12 dB;
Corresponding NF vs Power consumption evaluated in RAN1 captured in TR 38.869, summarized as following:
· For OOK-based WUR:
Table 7.1.1a-1 Relative power consumption and noise figure for OOK-1/2/4 with RF envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]

	Power consumption
(ON state)
	0.05 for single-branch, 0.01 for each additional branch
	0.01
	0.01~0.1
	0.01
	0.01~0.1
	0.05~0.2

	Noise figure (dB)
	20
	17~22
	[12-18]
	20
	15
	20



Table 7.1.1a-2 Relative power consumption and noise figure for OOK-1/2/4 with heterodyne architecture with IF envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]

	Power consumption
(ON state)
	0.1 for single-branch, 0.01 for each additional branch
	0.5
	0.1~1
	0.1
	0.1~1
	1~4

	Noise figure (dB)
	15
	10~15
	[9-15]
	15
	12
	12~15



Table 7.1.1a-3 Relative power consumption and noise figure for OOK-1/2/4 with homodyne/zero-IF architecture with baseband envelope detection
	Source reference
	[7A-1]
	[7A-2]
	[7A-3]
	[7A-4]
	[7A-5]
	[7A-6]
	[7A-7]
	[7A-8]
	[7A-9]
	[7A-10]

	Power consumption
(ON state)
	0.09 for single-branch, 0.01 or 0.02 for each additional branch
	0.5
	0.1~1
	0.1
	0.05~
0.5
	0.5~1
	0.1~0.5
	4
	~1
	0.1~0.5

	Noise figure (dB)
	15
	10~15
	[10-16]
	15
	12
	15
	12~15
	15
	~15
	12



· For OFDM-based WUR:
Table 7.1.1a-8 Relative power consumption and noise figure for OFDM-based signal with time-domain correlation
	Source reference
	[7A-1]
	[7A-3]
	[7A-5]
	[7A-6]
	[7A-7]
	[7A-8]
	[7A-9]

	Power consumption
(ON state)
	0.15~0.2
	10
	10~20
	10~30
	1~5
	10~20
	~5

	Noise figure (dB)
	15
	9.5
	9.5 or 12
	9
	7~10
	9
	15~25



Table 7.1.1a-9 Relative power consumption and noise figure for OFDM-based signal with frequency-domain correlation
	Source reference
	[7A-2]
	[7A-3]
	[7A-5]
	[7A-7]
	[7A-10]
	[7A-10]

	Power consumption
(ON state)
	10
	30
	20~30
	1~5
	10
	4

	Noise figure (dB)
	7~12
	7
	9.5 or 12
	7~10
	9
	12



Observation 1: The above assumed NF of each architecture has dependency on power consumption. NF range in RAN1 for each architecture is quite large, the lower bound and upper bound may not be reasonable from RAN4 perspective.
In the attachment of TR 38.869 v1.0.0, annex8.2 (coverage evaluation) Coverage excel sheet, the NF of MR is assumed as 7dB, re-summarized in the following table: 
Table 1: NF assumption of MR used in RAN1 for coverage evaluation
[image: ]
Observation 2: The typical NF assumption of MR is different, which is assumed as ~9dB when developing REFSENS in RAN4, however, assumed as 7dB in RAN1.
Based on above observations, it would be difficult to discuss the absolute value of NF of each architecture. To align the understandings, we proposal to consider the relative offset between MR and LR, for further discussions. If use 7dB MR as baseline in RAN1, then the relative NF of LR in RAN1 assumption can be re-summarized as following:
· For OOK-based WUR: 1. RF envelope detection, delta NF 5~15 dB; 2. Heterodyne architecture with IF envelope detection, delta NF 2~8 dB; 3. Homodyne/zero-IF architecture with baseband envelope detection, delta NF 3-9 dB;
· For OFDMA-based WUR: 1. Time-domain correlation, delta NF 0-18 dB; 2. Frequency-domain correlation, delta NF 0-5 dB;

Proposal 1: Given different assumption of MR NF in RAN1 and RAN4, for easy understanding, RAN4 can further discuss the “delta” NF compared between LR and MR. 
In our understanding, to ensure both coverage of LR and power consumption saving, the NF range could be further converged in RAN4. We propose the following range for further discussion: 
Proposal 2: RAN4 can further check whether the delta NF values could be more converged based on considerations of implementation perspective and potential RF requirements. 
To ensure a better coverage/sensitivity of LP-WUS, the NF of different architecture is expected not much worse than main receiver. We propose the following range for discussions:
- for OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
- for OFDMA based WUR:
· Time-domain correlation delta NF: [0~10] dB
· Frequency-domain correlation delta NF: [0~3]dB

Proposal 3: The following delta NF (gap between LR and MR) for WUR can be considered in RAN4: 
For OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
For OFDMA based WUR:
· Time-domain correlation delta NF: [0~10] dB
· Frequency-domain correlation delta NF: [0~3] dB

Final value of NF for WUR can be determined in WI phase, associated with LP-WUS REFSENS requirements if needed. It should be noted that there might be different NF for different UE types (architectures).
2.2. BS Power range for LP-WUS
RAN4#108 agreed that OFDM-based WUS waveform can reuse current BS power dynamic range [1]:
Agreements
· For OFDM-based WUS waveform, reuse existing NR RE power control dynamic range of BS in TS 38.104 for LP-WUS as starting point. WUS power boosting should minimize any impacts on legacy UEs.
· RAN4 further check the feasibility of 6dB power boosting for LP-WUS assumed by RAN1


RAN1 has made the decision that the WUS signal can be generated based on current NR OFDM, e.g., OOK WUS can be generated by transmitting one bit per OFDM symbol, “1” WUS subcarriers carry data (e.g., using QPSK modulation) while “0” is generated with zero-power WUS subcarriers. Existing DL NR sequence generation approaches can be reused for OFDMA-based LP-WUS waveform generation. Therefore, it should be clarified that the OFDM-based WUS waveform also included WUS waveform generated based on OFDM sequence. 
Proposal 4: Clarify in the TP that for OFDM-based WUS waveform generation existing BS power dynamic range can be reused. 
2.3. Band operation for LP-WUS
The LP-WUS operation band has been discussed for several meetings, but no consensus reached. In our understanding, there would be the following two typical scenarios for LP-WUS operation:
1.	The band for LR and MR is the same, WUS BW is same or smaller than NR channel bandwidth, e.g., 5MHz WUS within a NR band for LP-WUR, WUS and NR DL could be TDM/FDM mode. 
2.	The band for LR and MR can be different, e.g., WUS located within a NR band for LP-WUR (WUS BW is same or smaller than NR channel bandwidth), and another NR band for MR;   
RAN4 can further discuss above scenarios and study whether any RF impacts should be considered.
Proposal 5: RAN4 can consider the following scenarios and analyze RF impacts in WI phase:
1. The band for LR and MR is the same, WUS BW is same or smaller than NR channel bandwidth, e.g., 5MHz WUS within a NR band for LP-WUR, WUS and NR DL could be TDM/FDM mode. 
2. The band for LR and MR can be different, e.g., WUS located within a NR band for LP-WUR (WUS BW is same or smaller than NR channel bandwidth), and another NR band for MR. 
2.4. RF requirements
RAN4 has discussed the required guard RBs based on Link-level simulation analysis and filter suppression level analysis, agreed in [4]. RAN4 has also agreed not to develop requirements for ACS and ASCS in SI phase, given traditionally ACS is derived based on co-existence study to meet max 5% throughput loss, but there is no throughput and close-loop function for LP-WUR.
Therefore, it is valuable to figure out a reasonable methodology to specify the ACS/ASCS requirements and how to test it for WUR, in WI phase.
Observation 3: Traditional throughput-based co-existence simulation is not workable for LP-WUR, RAN4 should study a new approach to specify ACS and ASCS requirements for WUR.
Proposal 6: RAN4 should discuss a new the methodology for WUR ACS co-existence simulation in WI phase. 
In addition, given the WUR could operate under MR idle mode or connection mode. If MR is not connected, then the LR has no close-loop feedback path to network, how to define test case for the WUR RF requirements under this condition should be further studied. 
Proposal 7: RAN4 should discuss a new performance metric instead of throughput to specify WUR REFSENS requirements in WI phase.  
Proposal 8: RAN4 should discuss how to define the test case for LP-WUR RF requirements under MR idle/connected mode in WI phase.
3. Conclusion
In this contribution, we share our views on LP-WUR and have the following proposals:
Observation 1: The above assumed NF of each architecture has dependency on power consumption. NF range in RAN1 for each architecture is quite large, the lower bound and upper bound may not be reasonable from RAN4 perspective.
Observation 2: The typical NF assumption of MR is different, which is assumed as ~9dB when developing REFSENS in RAN4, however, assumed as 7dB in RAN1.
Proposal 1: Given different assumption of MR NF in RAN1 and RAN4, for easy understanding, RAN4 can further discuss the “delta” NF compared between LR and MR. 
Proposal 2: RAN4 can further check whether the delta NF values could be more converged based on considerations of implementation perspective and potential RF requirements. 
Proposal 3: The following delta NF (gap between LR and MR) for WUR can be considered in RAN4: 
For OOK based WUR:
· RF-ED delta NF: [3~10] dB 
· IF-ED delta NF: [1~6] dB
· BB-ED delta NF: [1~7] dB
For OFDMA based WUR:
· Time-domain correlation delta NF: [0~10] dB
· Frequency-domain correlation delta NF: [0~3] dB
Proposal 4: Clarify in the TP that for OFDM-based WUS waveform generation existing BS power dynamic range can be reused. 
Proposal 5: RAN4 can consider the following scenarios and analyze RF impacts in WI phase:
1. The band for LR and MR is the same, WUS BW is same or smaller than NR channel bandwidth, e.g., 5MHz WUS within a NR band for LP-WUR, WUS and NR DL could be TDM/FDM mode. 
2. The band for LR and MR can be different, e.g., WUS located within a NR band for LP-WUR (WUS BW is same or smaller than NR channel bandwidth), and another NR band for MR. 
Observation 3: Traditional throughput-based co-existence simulation is not workable for LP-WUR, RAN4 should study a new approach to specify ACS and ASCS requirements for WUR.
Proposal 6: RAN4 should discuss a new the methodology for WUR ACS co-existence simulation in WI phase. 
Proposal 7: RAN4 should discuss a new performance metric instead of throughput to specify WUR REFSENS requirements in WI phase.  
Proposal 8: RAN4 should discuss how to define the test case for LP-WUR RF requirements under MR idle/connected mode in WI phase.
References
[1] R4-2314932, WF on LP-WUS, vivo, RAN4#108
[2] RP‑231814, TR 38.869 v1.0.0 Study on low-power wake up signal and receiver for NR, RAN#101
[3] RP-232616, Moderator's summary for REL-19 RAN1 topic LP-WUS/WUR, RAN vice-chair (CMCC)
[4] R4-2314726, TP to TR 38.869 on LP-WUS receiver architectures, vivo, Huawei, HiSilicon, Qualcomm, Ericsson, Nokia, RAN4#108
[5] R4-2315847, TP to TR 38.869 on LP-WUS receiver architectures, vivo, RAN4#108bis

 3 / 3
image1.emf
Company Name company1 company2 company3 company4 company5 company6 company7 company8 company9 company10

Case Identifier NOK-005 E///-ref-001

mtk-001

Tdoc Number R1-2307989   

Scenarios  Urban 2.6GHz Urban 2.6GHz Rural 700MHz Urban 2.6GHz Urban 2.6GHz Urban 2.6GHz Urban 4GHz Urban 2.6GHz Urban 2.6GHz Urban 4Ghz

Channel for evaluation

PDCCH 2RX for 

Paging-AL16

PDSCH 4RX

PDCCH 2Rx for Paging-

AL16

PDCCH 2Rx for 

Paging-AL8

PDCCH Paging-

AL16

PDCCH 4Rx for 

Paging-AL16

PDCCH for 4Rx for 

paging-AL16

PDCCH 4Rx for 

Paging-AL8

PDCCH 4RX for 

Paging-AL16

System configuration 

Carrier frequency (GHz) 2.60  2.60  0.70  2.60  2.60  2.60  4.00  2.60  2.60  4

(13) Receiver noise figure (dB) 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7

PDCCH 4Rxs for 

Paging AL16


